Text mining was used to extract technical intelligence from the open source global anthrax research literature. An anthrax-focused query was applied to the Science Citation Index/Social Science Citation Index (SCI/SSCI) (SCI, 2006) databases. The anthrax research literature infrastructure (prolific authors, key journals/institutions/ countries, most cited authors/journals/ documents) was obtained using bibliometrics, and the anthrax research literature technical structure (hierarchical taxonomy) was obtained using computational linguistics/document clustering.
INTRODUCTION
Bio-terrorism has become a major concern for the US in the post-9/11 era. The mailings of letters containing spores of Bacillus anthracis to the media and members of the US Congress in September and October 2001 resulted in 22 cases of anthrax with 5 deaths, closed part of the US government's operations, and terrorised the American public [1] [2] [3] . Importantly, this event affected numerous countries 4 and there are now major world-wide efforts devoted to countering bio-terrorism (and other potential weapons of mass destruction (WMD), such as chemical and nuclear). One of the less tangible weapons in the arsenal to combat bio-terrorism is intelligence. This has myriad forms, including the direct use of humans to access information, use of sophisticated computer systems to track infrastructure and resource movements, and development of technologies to detect, neutralise, shield and vaccinate against biowarfare agents. The goal of the present study is to use text mining to extract technical intelligence from the anthrax research literature.
BACKGROUND
The study consists of two components: text mining and anthrax. The comprehensive anthrax and text mining backgrounds are described by Kostoff 5 , et al.
A typical text mining study of the published literature develops a query for comprehensive information retrieval, processes the database using computational linguistics and bibliometrics, and integrates the processed information. For recent studies in which the databases consist of journal article abstracts and associated bibliometric information (authors, journals, addresses, etc.), the final results have included not only identification of the infrastructure (key authors, journals, institutions), but relationships among the technical themes and authors, journals, and institutions as well 6, 7 . As a result of renewed interest in anthrax, there have been a number of recent review articles that have provided comprehensive and complementary perspectives on this disease [8] [9] [10] [11] [12] [13] [14] [15] . These review articles are structured along traditional lines in that they cover the etiology and pathogenic mechanisms of anthrax, addressing both biological and medical considerations. However, none of these reviews address the infrastructure and technology structure of the anthrax research literature that text mining can provide.
In recent years, especially since the anthrax attack of 2001 1 , there has been increased concern over the use of B. anthracis and other potentially lethal microorganisms for bio-terrorism. For this reason, related research papers that address various aspects of bio-terrorism have been retained in the database.
MATERIALS AND METHODS
The 'anthrax research literature' was defined as published open-literature papers that focused on theoretical, laboratory, biological, clinical, and epidemiological aspects of anthrax, and emphasized the original research literature (Articles) accessed by the Science Citation Index (SCI) and Social Science Citation Index(SSCI). The anthrax literature was defined operationally by the following query: "anthrax OR anthracis OR anthraxin", where 'anthraxin' refers to a skin test that detects anthrax cell-mediated immunity.
The iterative search approach of simulated nucleation 16 was used to generate the search query listed above, and was used to agglommorate the 64 clusters in a hierarchical tree (taxonomy) structure. Figure 1 shows the number of SCI/SSCI articles retrieved with the above query as a function of time. As the threat of terrorism has increased, the number of research papers per year has increased substantially, and is now an order of magnitude larger than in the early 1990s.
RESULTS AND DISCUSSION

Publication Trends
The majority of the anthrax research articles originated in seven countries. The major country producers of anthrax research articles were the USA and France. More significantly, in the seven years since 2000, the anthrax research articles produced in the USA went from ~2.5 times the number of research articles as its nearest competitor to more than 12 times its nearest competitor, reflecting the enhanced investments of the US funding agencies. institutions. Of the remaining authors, 10 (48%) were from universities, and one (Turnbull) is from industry.
Author Frequency Results
Author Citation Results
Most Cited First Authors
The 21 authors receiving the most total citations from the articles in the retrieved database are listed in Table 2 .
Thirteen of these first authors are from the USA, five are from Western Europe, and two are from Asia. Eight of the authors are from universities, 11 are from research institutions, and one is from industry. Past text-mining studies 20, 21 have shown that cited documents tend to be at a more fundamental level than the citing papers. Thus, there is a big proportion of authors from research institutions relative to those from universities [who are engaged in more fundamental (basic) research] is again in stark contrast to these previous text mining studies. One more difference from the past text mining studies is that 10 of the 24 most prolific authors appear with the 20 most-cited first authors. In the past text mining studies (Kostoff, et al. 1999 (Kostoff, et al. , 2002 , perhaps one or two authors would be in common between the two lists. The reasons for this high degree of overlap are not clear, but may reflect a highly in-bred community. It may also reflect the relatively high fraction of research institutes, where typically (not always) researchers have a higher first author fraction than from universities.
A caveat is that the SCI downloads citations by first author only. Thus, authors who may publish many papers, but who tend to get listed behind the first author, will be under-represented in this tabulation.
To identify the authors most associated with the highly cited papers, the 100 anthrax-related documents cited most The citation data for authors in Table 2 represent citations generated only by the specific records extracted from the SCI/SSCI database for this study. These data do not represent all of the citations received by these papers as they could have been cited additionally by papers in other technical disciplines. The next metric provides examples of the magnitude of these differences. Table 4 lists the 20 most cited documents. The column headed '#Cites' reflects the citations from the retrieved documents only, whereas the column headed 'Total SCI Cites' reflects citations from all documents contained in the SCI/SSCI database. Finally, the right-most column labeled 'Max JRNL Cites' is the maximum number of citations received by any paper published in that journal for that year. Thus, the first paper listed (published in Science in 1998) was cited 196 times by other papers in the retrieved anthrax-specific database, and was cited 297 times by all the papers in the SCI/SCSI. The highest cited paper published in Science in 1998 received 2659 cites (citation data circa early 2006).
Most Cited Documents
In general, the most cited anthrax documents receive relatively low numbers of citations (<10 of the highest cited papers) when published in the broad multi-disciplinary journals (e.g, Science, Nature), but seem to perform much better when published in specialty journals (e.g., Infection and Immunity, Annual Review of Microbiology).
The twenty most cited publications appear to be highly applied. Additionally, the ratio of citations by other papers in the retrieved anthrax database to total citations as listed in the Science Citation Index (the ratio of the left to middle numerical columns) is, on average, higher than in previous text mining studies conducted by the first author. This reflects the highly applied literature, where most of the citing papers are within the focused topical area, and the highly cited documents are not sufficiently fundamental to be cited outside the specific anthrax literature of interest (with exceptions, e.g., Sambrook's Manual).
The twenty most cited documents can be divided into four topical groups. The largest group contains nine documents (45) focused on the three proteins (PA, EF,and LF) that comprise the two binary anthrax toxins (LT [PA + LF] and ET [PA + EF]). The next largest groups consist of five documents focused on bio-terrorism, post-exposure prophylaxis and medical management of anthrax and five documents focused on broader biological aspects of B. anthracis and its pathogenesis. These documents have a medical, epidemiological, and highly experimental focus. Fundamental theory, computer modelling, and access to other literatures are not evident from the citations. Table 5 presents the 20 scientific journals publishing the most anthrax research papers.
Journals with Most Anthrax Research Papers
Infection and immunity stands out in terms of the number of papers published, with 50 more papers than its nearest competitor. Many of the journals are highly specialised, and appear quite applied. The technical emphases of these journals are medicine (primarily infectious diseases), microbiology, and chemistry. Table 6 contains the 20 journals cited most frequently in the specific records extracted for this study.
Most Cited Journals
The journals can be divided into four major groups. ; and the fourth group contains the remainder. The first group and most of the second group consist of basic science journals, whereas about half of the third and fourth groups address clinical/epidemiological/ public health-related issues.
Institutions Producing Most Anthrax Reserch Papers
The 21 institutions producing the most anthrax research papers are shown in Table 7 . Five institutions stand out in terms of productivity: US Army (including all variants); NIH (including all institutes); Institute Pasteur; Harvard University; and CDC (a public health agency-includes all variants).
Thirteen are universities, and the others are research institutions (with the exception of CDC). The fraction of research institutions is much higher than in previous text mining studies 6, 20, 21 . Seventeen of these prolific institutions are located in the USA. Of the remaining four, two are in Western Europe, and one is in India and Israel apiece.
To identify preferred institutional publishing venues, an institution-journal co-occurrence matrix was generated. Based on the leading journals in which the anthrax research is published it can be deducted. The US Army emphasizes vaccines and microbiology; NIH emphasises biochemistry and infection; Institute Pasteur emphasizes bacteriology, microbiology, and infection; Harvard emphasises biochemistry and infection; and CDC emphasises the public health aspects of infectious diseases and epidemiology.
Countries Producing Most Anthrax Research Papers
The 20 countries producing the most anthrax research papers are shown in Table 8 .
The USA has dominated the output, contributing over 64 of the open research article literature on anthrax (N=2858) between 1991 and 2007. Following are France (N=189), England (N=180), and Germany (N=125), with other countries far behind. The low numbers of articles from China are interesting. In recent text mining studies of different technical disciplines (e.g., Kostoff 6 , et al), China has been near the top in country, institution, and author listings. Here, China appears 11 in the top 20 countries.
COMPUTATIONAL LINGUISTICS RESULTS
Anthrax Taxonomy
The first three levels of the hierarchical taxonomy of the retrieved anthrax literature are presented in Table 9 . The following describe the first two levels of the hierarchical taxonomy of the anthrax literature. Subsequently, the third level is treated as a flat taxonomy (eight separate nonhierarchical categories). and anthrax biology (N=1318 records). The anthrax clinical medicine/animal Epidemiology; bio-terrorism category focuses on anthrax patient modalities of treatment, as well as more general public health preparedness and emergency care issues resulting from potential bio-terrorist attacks. The anthrax biology category focuses on the mechanisms and pathways, from detection to final intoxification. The boundaries between the two categories are relatively sharp, reflecting the quality of the clustering approach used, and especially the tripling of trivial words compared to past text mining studies.
For the second level taxonomy, each first level category is divided into two sub-categories. Anthrax Clinical Medicine/ Animal Epidemiology; Bioterrorism is divided into Anthrax Bioterrorism (N=219 records) and Anthrax Clinical Medicine/ Animal Epidemiology (N=242 records), while Anthrax Biology is divided into Anthrax Detection/ Prevention (N=956 records) and Toxin Lethality Pathways (N=362 records). The Anthrax Bioterrorism category focuses on potential public health responses to bio-terrorist attacks such as preparedness, emergency care, and the required underlying logistics, while the Anthrax clinical medicine/ animal epidemiology category focuses on non-bioterrorism clinical medicine and bioterrorism case studies in treating anthrax. The Anthrax detection/ prevention category focuses on vaccine development for protection and spore/strain identification for detection, while the toxin lethality pathways category focuses on the binding, activation, and delivery of the toxins to the cell at both the aggregate toxin level and the component factor level.
The second level categories are further sub-divided to form eight third level categories. The third level is discussed in detail, including themes and metrics, by Kostoff 5 , et al. In summary, the open anthrax scientific literature has expanded enormously since the terrorist attacks in the USA in 2001, with much of the expansion coming from the USA itself. In contrast to some of the emerging physical sciences areas like nanotechnology, the leading nations in anthrax paper production (and most cited papers as well) are the Western democracies, not the Far Eastern nations. 
Level
